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('$;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VKRZHG IHUURPDJQHWLVPZLWK LPSURYHG VDWXUDWLRQPDJQHWL]DWLRQDVFRPSDUHG WRSULVWLQH0:&17V 7KHDV FRDWHG 0:&17V
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 ,QWURGXFWLRQ
&DUERQQDQRWXEHV &17V VLQFH WKHLUGLVFRYHU\E\,LMLPD LQ KDYHDWWUDFWHG FRQVLGHUDEOH UHVHDUFK LQWHUHVW
DQG WKH VXEMHFW RI QXPHURXV VWXGLHV RZLQJ WR WKHLU H[FHOOHQW PHFKDQLFDO HOHFWULFDO DQG WKHUPDO SURSHUWLHV 7KH
WHQVLOHVWUHQJWKDQGHODVWLFPRGXOXVRI0:&17VLQD[LDOGLUHFWLRQLV*3DDQG*3DUHVSHFWLYHO\DQGGHQVLW\
LVDERXWJFF &DUERQQDQRWXEHVDUHVWDEOHLQYDFXXPXS WR &DQGWKHUPDO FRQGXFWLYLW\LVDVKLJKDV
:P .DW URRP WHPSHUDWXUH DQG KDYH ]HURRU OHVV FRHIILFLHQW RI WKHUPDO H[SDQVLRQ DV UHSRUWHGE\0DPDOLV
 DQG.DODPNDURY  +RZHYHU WKH SRWHQWLDO DSSOLFDWLRQV RI FDUERQ QDQRWXEHV DV UHLQIRUFLQJ SKDVH LQ
PHWDODQGSRO\PHUPDWUL[FRPSRVLWHV DUH VWLOO OLPLWHG GXHWR WKHLU SRRU GLVSHUVLRQ DQGZHDNLQWHUIDFLDOERQGLQJZLWK
WKHPROWHQPHWDO $JJORPHUDWLRQDQGUDQGRPRULHQWDWLRQRI&17VLQPDWUL[PHOWDIIHFWVPRVWRIWKHSURSHUWLHVRI
&17FRPSRVLWHV 5HVHDUFKLQYHVWLJDWLRQV E\;LDRKXDHWDODQG0LJXHOHWDO UHYHDOV WKDWUDQGRPO\
RULHQWHG QDQRWXEH HPEHGGHG LQ WKH PHWDO PDWUL[ FRPSRVLWH VKRZ VXEVWDQWLDOO\ ORZHU HOHFWULFDO DQG WKHUPDO
FRQGXFWLYLW\ WKDQ H[SHFWHG 7KHUPDO LQVWDELOLW\ RI &17V DW KLJK WHPSHUDWXUH SURFHVVLQJ FRQGLWLRQ SRVHV VHYHUH
FKDOOHQJH WR WKHUHVHDUFKHUV 5HFHQWO\ PHWDOFRDWLQJ RQ FDUERQQDQRWXEHVE\HOHFWUROHVVGHSRVLWLRQPHWKRGKDVEHHQ
LQYHVWLJDWHG E\ PDQ\UHVHDUFKHUV WRLPSURYH WKH R[LGDWLRQUHVLVWDQFH RI&17V DQGWR REWDLQ JRRG ZHWWDELOLW\ ZLWK
WKH PROWHQ PHWDO ZKLFK LPSURYH WKH LQWHUIDFLDO ERQGLQJ EHWZHHQ PDWUL[ DQG UHLQIRUFHPHQW>$QJ HW DO
6XVXPX HW DO   .XDQ HW DO  DQG ;XH 5X HW DO @ ,W LV REYLRXV IURP WKH JHRPHWULFDO
FRQVLGHUDWLRQVRI&17V WKDWPDQ\SURSHUWLHVHVSHFLDOO\PHFKDQLFDODQGHOHFWULFDOSURSHUWLHVDUHVXSHULRUDORQJWXEH
D[LV WKDQ LQ WKHGLUHFWLRQQRUPDO WR LW 7KHSRWHQWLDODSSOLFDWLRQVRIZHOODOLJQHGQDQRWXEHV LQFOXGHILHOGHPLVVLRQ
GHYLFHVWUDQVLVWRUVGLRGHVVXSHUFDSDFLWRUVHOHFWURFKHPLFDOVHQVRUVDQG DV UHLQIRUFHPHQWLQ FRPSRVLWHV DVUHSRUWHG
E\.RQVWDQWLQ $YDULHW\RIWHFKQLTXHV IRU,QVLWXDVZHOODV([VLWXDOLJQPHQWRI&17V KDYHEHHQSURSRVHG
E\PDQ\UHVHDUFKHUVDVPRVWRIWKH &17PDVVSURGXFWLRQWHFKQLTXHVUHVXOWVLQUDQGRPO\RULHQWHG&17EXQGOHV DQG
WKHVHDOLJQPHQWWHFKQLTXHVZHUHUHYLHZHGE\ ;LDR/LQHWDO  7KH UHFHQW LGHD DERXW LQWULQVLFIHUURPDJQHWLVP
LQ FDUERQQDQRWXEHV DWORZWHPSHUDWXUH KDVWULJJHUHGDQLPPHQVHVFRSHIRULQYHVWLJDWLQJWKHILHOG DVVLVWHGDOLJQPHQW
EHKDYLRURI&17V 0LJXHOHWDO KDV GHPRQVWUDWHGWKH DOLJQPHQW EHKDYLRURI &17VXQGHUORZPDJQHWLFILHOG
E\DWWDFKLQJPDJQHWLFPDWHULDORQ&17VXUIDFH $WWDFKPHQWRIPDJQHWLFQDQRSDUWLFOHVOLNH&R1LDQG)HRQ&17
VXUIDFHE\ HOHFWUROHVVGHSRVLWLRQ PHWKRG KDV EHHQLQYHVWLJDWHG E\ PDQ\UHVHDUFKHUV>$QJHWDO 6XVXPXHWDO
.XDQHWDO;XH5XHWDODQG(YDQHWDO@0RVWRIWKHLQYHVWLJDWLRQVIRFXVRQ
1L3 1LFNHO3KRVSKRUXV FRDWLQJ RQ QDQRWXEH VXUIDFH UDWKHU WKDQ SXUH 1L 3KRVSKRUXV IRUPV EULWWOH LQWHUSKDVH
LQKLELWLQJWKHPHFKDQLFDOSURSHUWLHVRI GHULYHG&17 FRPSRVLWH DQGPRUHRYHULWVPDJQHWLFSURSHUWLHVDUHYHU\SRRU
:HWWDELOLW\RIFDUERQZLWK1LLVJRRGDVFRPSDUHGWR&RDQG)H DQGH[KLELW IHUURPDJQHWLVPDWURRPWHPSHUDWXUH
ZLWKKLJKVDWXUDWLRQPDJQHWL]DWLRQ ,Q OLJKWRI WKLV 6XVXPD$UDLHW DO  LQYHVWLJDWHG RQ SXUHHOHFWUROHVV 1L
FRDWLQJ RQ YDSRXU JURZQ FDUERQ ILEHU 9*&) ,W ZDV UHSRUWHG WKDW VDWXUDWLRQ PDJQHWL]DWLRQ RI KHDW WUHDWHG 1L





EHORZ VKRZV WKH SURSHUWLHV RI &17V DV FKDUDFWHUL]HG E\ VXSSOLHU ,Q RUGHU WR LPSDUW SDOODGLXP QXFOHL RQ &17
VXUIDFH IRU HOHFWUROHVV FRDWLQJ D WZRVWHS VHQVLWL]DWLRQDFWLYDWLRQSURFHVVZDV FDUULHGRXW DW URRP WHPSHUDWXUHRI
 &3ULVWLQH&17VZHUHVHQVLWL]HGLQDVROXWLRQFRQWDLQLQJJVWDQQRXVFKORULGH6Q&ODQGJK\GURFKORULFDFLG
+&OLQP/+2IRUDERXWPLQ7KHVDPSOHVZHUHWKRURXJKO\ZDVKHGZLWKGLVWLOOHGZDWHUDQGDFHWRQH7KH
VHQVLWL]HG VDPSOHV ZHUH WKHQ DFWLYDWHG LQ D PL[HG VROXWLRQ FRQWDLQLQJ J SDOODGLXP FKORULGH 3G&O DQG J
K\GURFKORULFDFLG+&OLQOLW+2IRUDQRWKHUPLQ$FWLYDWHG&17VZHUHWKHQWKRURXJKO\FOHDQHGDQGZDVKHG
ZLWK GLVWLOOHG ZDWHU DQG DFHWRQH UHVSHFWLYHO\ 7KH SDOODGLXP FRDWHG&17 SDUWLFOHV ZHUH LPPHUVHG LQ D IUHVKO\
SUHSDUHGHOHFWUROHVV1LEDWK7KHEDWKZDVVWLUUHGFRQWLQXRXVO\E\XVLQJPDJQHWLFVWLUUHUZLWKKHDWHUHTXLSPHQW

















7DEOHEHORZVKRZVWKH FRQFHQWUDWLRQRIFKHPLFDOVXVHGLQ SUHSDULQJ HOHFWUROHVVEDWKDVUHSRUWHGE\.XDQ<X
/LQ HW DO  &KHPLFDOV ZHUH SXUFKDVHG IURP0V .DUQDWDND ILQH &KHPLFDOV DQG0V 8OWUD ODE SURGXFWV
%DQJDORUH7KH UDWLRRI VROXWLRQYROXPH LQP/ WRPDVVRI&17 LQPJZDV&KHPLFDOVZHUHZHLJKHGE\XVLQJ
HOHFWURQLFEDODQFH/HDVWFRXQWPJ7KHWHPSHUDWXUHRI WKHEDWKZDVPDLQWDLQHGDW&7KHS+RIWKHEDWK





 1LFNHO&KORULGH1L&O+2   J/
 %RUDQH 'LPHWK\O$PLQH&+ 1+%+ J/








(OHFWURQ0LFURVFRSH7(0 -(2/ DWDQDFFHOHUDWLQJYROWDJHRIN96DPSOH SUHSDUDWLRQIRU7(0ZDV
FDUULHG RXW E\ GLVSHUVLQJ&17V LQ WROXHQH DQG WUDQVIHUULQJ D GURSRI GLVSHUVLRQ RQ WR D FRSSHU JULG FRDWHGZLWK
FDUERQILOP )XUWKHUWKHVDPSOHZDVGULHGDW &,PDJHVZHUHFDSWXUHGDWWKUHHGLIIHUHQWPDJQLILFDWLRQVE\XVLQJ
*DWDQ GLJLWDO FDPHUD ;5' VWXGLHV ZHUH FDUULHG RXW E\ XVLQJ ;5''$'9$1&( RSHUDWLQJ DW N9  P$
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7KHEULJKW VSRWV LQ WKH LPDJHVXJJHVWPHWDOOLFFDWDO\VW XVHG LQV\QWKHVLVRI&17VE\FKHPLFDO YDSRXUGHSRVLWLRQ
&9' PHWKRG )XUWKHU WKH GLDPHWHU RI &17V PHDVXUHG DW GLIIHUHQW ORFDWLRQ ZDV VKRZQ LQ )LJ F ,W ZDV
REVHUYHGWKDWGLDPHWHURIWXEHYDU\IURP  QP)LJDDQGEVKRZVWKHVXUIDFHRI &17VGHFRUDWHG
ZLWK ILQH PHWDOOLF QDQRSDUWLFOHV E\ HOHFWUROHVV GHSRVLWLRQ PHWKRG 6RPH HPSW\ VLWHV ZHUH REVHUYHG DW ORZ
PDJQLILFDWLRQRZLQJWRODFNRIQXFOHDWLRQVLWHVIRU1L  RQ&17VXUIDFH
)LJ 6(0PLFURJUDSKV RI SULVWLQH 0:&17VDW DN[EN[ FN[
6LQFH &17 VXUIDFH LV LQDFWLYH VRPH QXFOHDWLRQ VLWHV KDYH WR EH GHYHORSHG E\ DFWLYDWLQJ WKH VXUIDFH ZLWK
SDOODGLXP3G'HIHFWLYHVLWHVUHVXOWLQJIURPDFLGLFWUHDWPHQWGXULQJSXULILFDWLRQSURFHVV WKHPVHOYHVDFWVDVVLWHV
IRUQXFOHDWLRQ)XUWKHU WKHFRDWLQJZDVQRWXQLIRUPDQGEXPS\LQQDWXUHDVREVHUYHG LQ)LJFDQG WKHUHDVRQ
EHLQJFRDWLQJRQDJJORPHUDWHG&17V
)LJ 6(0PLFURJUDSKVRI QLFNHOFRDWHG 0:&17VDWD N[EN[FN[













7(0LPDJHV RI0:&17VDW GLIIHUHQW PDJQLILFDWLRQ OHYHOV ZHUH VKRZQLQ)LJDEDQGF ,WLVHYLGHQWIURP
)LJD WKDW &17VZHUHFOXVWHUHGDQG WDQJOHGGXH WR ODUJHUDGLXVRIFXUYDWXUHDQGVWURQJ9DQGHU:DDOV IRUFHV
EHWZHHQWKHP 7KHGDUNHUFRQWUDVWVLQ)LJEFRQILUPVWKHSUHVHQFHRISDUWLFOHVKDYLQJKLJKHUHOHFWURQGLIIUDFWLRQ
)LJ 7(0LPDJHVRI0:&17VDW DPEQP DQG FQP
FURVV VHFWLRQ DV FRPSDUHG WR FDUERQ DQG LW LV FDWDO\WLF QLFNHO DV HYLGHQFHGE\('$;DQG6(0 )LJ F VKRZV
FRQFHQWULFPXOWLZDOOHGQDQRWXEHVZLWKYDU\LQJLQVLGHGLDPHWHUUDQJLQJIURPQP )LJDEDQGFVKRZV
WKH 7(0LPDJHV RIHOHFUROHVV QLFNHOFRDWHG0:&17V DWGLIIHUHQWORFDWLRQV
)LJ7(0LPDJHVRIHOHFWUROHVVQLFNHOFRDWHG0:&17VDWSRVLWLRQVDEDQGF
7KH )LJXUHVFOHDUO\VKRZV WLQ\SDUWLFOHVRI 1L GHSRVLWHG DQGGLVWULEXWHGXQHYHQO\,W ZDV UHSRUWHG E\.XDQ<XHWDO
 WKDW GHSRVLWLRQ WLPH WHPSHUDWXUHDQGFRQFHQWUDWLRQRI VROXWLRQEDWK SOD\VD FULWLFDO UROH LQFRQWUROOLQJ WKH
HOHFWUROHVV SURFHVV 0RVWRIWKH&17VXUIDFHVZHUHQRWFRYHUHGZLWK 1L DVREVHUYHGLQ6(0DQG7(0GXHWRODFN
RIDFWLYDWHGVLWHVIRUQXFOHDWLRQ$VD UHVXOWSDUWLFOHVJURZ RQVHOHFWHGVLWHVVKRZLQJ ODUJHVL]H $EVHQFHRIUHGXFLQJ
DJHQW ERUDQH %DQGFKORULQHVDVREVHUYHGIURP('$;LQGLFDWHVFRUUHFWFRQFHQWUDWLRQRIVROXWLRQEDWK








)LJ E GHPRQVWUDWHV WKDW JUDSKLWH SHDNV ZHUH VXSSUHVVHG LQ FRDWHG&17V LPSUHVVLQJ WKDW&17VZHUH FRYHUHG
ZLWKGHSRVLWV )XUWKHU LQFUHDVHLQ GLIIUDFWLRQLQWHQVLW\ DW FRUUHVSRQGVWRSODQHRIIDFHFHQWHUHGFXELF
)&&VWUXFWXUHRI1LFRQILUPVWKDW&17VZHUHFRDWHGZLWK1LQDQRSDUWLFOHV %URDGGLIIUDFWLRQSHDNVLQGLFDWHV WKH
DPRUSKRXV VWDWH RI GHSRVLWV DQG DWWULEXWHG WR WKH EXPS\ &17 VXUIDFH 7KH KLJKHU GLIIUDFWLRQ LQWHQVLW\ LQGLFDWHV
ODUJH1LFRQWHQWLQWKHVDPSOH6LPLODUUHVXOWVZHUHREVHUYHG E\.XDQHWDODQG6XVXPDHWDO7KH
LQYHVWLJDWLRQ UHVXOWV RI ;8( 5X HW DO  VXJJHVW WKDW KHDW WUHDWPHQW RI &17V DIWHU HOHFWUROHVV GHSRVLWLRQ
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)LJDDQGEVKRZVWKHPDJQHWL]DWLRQILHOGVWUHQJWK0+FXUYHVIRU0:&17VDQG1LFRDWHG0:&17V
UHVSHFWLYHO\,WZDVREVHUYHGIURPWKHDERYH)LJDWKDWWKHVDWXUDWLRQPDJQHWLFPRPHQWRISULVWLQH0:&17V
ZDVHPXJDQGHPXJDWDQG .UHVSHFWLYHO\ LQGLFDWHVFOHDUO\ WKHZHDN WHPSHUDWXUHGHSHQGHQFHRI
PDJQHWL]DWLRQ7KH0+FXUYHRIFRDWHG&17VDVVKRZQLQ)LJELVWKHHYLGHQFHIRUWKHWHPSHUDWXUHGHSHQGDQW




DERXW IHUURPDJQHWLVP LQ FDUERQ QDQRWXEHV FUHDWHV LQWHUHVW LQ SURSHU SURELQJ RI LWV IHUURPDJQHWLF SURSHUWLHV DV
LQWULQVLFSURSHUWLHVRIQDQRWXEHVDUHVHQVLWLYHWRDSSOLHGPDJQHWLFILHOG+7KHPDJQHWLFSURSHUW\RI0:17ZDV
JRYHUQHGE\IHUURPDJQHWLF)0FDWDO\VWSDUWLFOHIRUPHGGXULQJDQGUHPDLQVLQVLGHWKHQDQRWXEHDIWHUV\QWKHVLV,I
WKH )0 SDUWLFOHV UHPDLQ LQ GLUHFW FRQWDFW ZLWK QDQRWXEHV WKH VSLQ WUDQVIHU EHWZHHQ )0 SDUWLFOHV DQG QDQRWXEHV
DOWHUVWKH&17PDJQHWLVP6RPH&17VDOLJQWKHPVHOYHVE\OLQHDURUELWDODQLVRWURS\DQGWRUTXHGXHWRSHUPDQHQW
PRPHQWV 7KH IHUURPDJQHWLF SDUWLFOHV HDV\ D[LV OLHV LQ WKH D[LV RI QDQRWXEHV DQG PRPHQWV DVVRFLDWHV ZLWK
SHUPDQHQWPRPHQWV LQ&17V$VD UHVXOWDSSOLFDWLRQRIYHU\ ORZH[WHUQDOPDJQHWLF ILHOGDOLJQV&17VZLWK WKHLU
ORQJD[LVLQWKHGLUHFWLRQRIILHOGDQGVXFKEHKDYLRXURI&17VZDVGHPRQVWUDWHGE\,VODPHWDO
 &RQFOXVLRQV
,Q WKHSUHVHQWZRUN HOHFWUROHVV1LGHSRVLWLRQRQPXOWLZDOOHG FDUERQQDQRWXEHV 0:&17V ZDV LQYHVWLJDWHG
DQG FKDUDFWHUL]HG IRU PRUSKRORJ\ DQG PDJQHWLF SURSHUWLHV E\ XVLQJ 6(0 7(0 ('$; ;5' DQG 960 7KH
IROORZLQJFRQFOXVLRQV FDQEH GUDZQ EDVHGRQUHVXOWVDQGGLVFXVVLRQV
x 0XOWLZDOOHGFDUERQQDQRWXEHVRIJRRGSDUWLFOHVL]HUDQJLQJIURPQP2' QP ,'DQG
DIHZPLFURQVLQOHQJWK
x 7DQJOHGDQGDJJORPHUDWHG 0:17VZLWK!SXULW\DQG HQFDSVXODWHGZLWK1LFDWDO\VW DW WKH WLSRI
WXEH
x 3XUHHOHFWUROHVV1LGHSRVLWLRQZDVVXFFHVVIXO DQGWRWDO DPRXQWRIGHSRVLWLRQLVZW
x %URDGGLIIUDFWLRQLQWHQVLW\SHDNVIRU1LVKRZV LWVDPRUSKRXV VWDWH EHIRUHKHDWWUHDWPHQWSURFHVV
x $FFRUGLQJWR960ERWK&17VDQG 1L GHSRVLWH[KLELWVVRIW PDJQHWLFSURSHUWLHV
x 6XSHUSDUDPDJQHWLFSURSHUWLHVDWORZILHOGVDQGIHUURPDJQHWLVPDWKLJKILHOGVWUHQJWKVZHUHREVHUYHG
x $SSUHFLDEOHLQFUHDVHLQVDWXUDWLRQPDJQHWL]DWLRQ0RI1LFRDWHG&17VDVFRPSDUHGWRSULVWLQH&17V
x 3XUHHOHFWUROHVV1LFRDWHG0:&17V PLJKWEH WKHSURPLVLQJ QDQRPDWHULDO IRUH[WHUQDOPDJQHWLF ILHOG
LQGXFHGDOLJQPHQW
$FNQRZOHGJHPHQWV
:H JUDWHIXOO\ DFNQRZOHGJH RXU VLQFHUH WKDQNV WR 0U 39 6KDVKLNXPDU 'LUHFWRU &07, %DQJDORUH IRU WKH
VXSSRUW DQG 3URI &155DR'LUHFWRU -1&$65%DQJDORUH IRU SURYLGLQJ WKH IDFLOLW\:H DOVR DFNQRZOHGJH RXU
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